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Introduction
LBX genes have essential functions in development, including their role in neural and mesodermal cell specification [Jagla et al., 1998; Garcia-Fernandez, 2005] . LBX1 is a homeodomain-containing transcription factor related to the Drosophila ladybird genes that was first discovered by Jagla et al. [1998] . In vertebrates, LBX1 is expressed in developing skeletal muscles and the nervous system. During initial embryonic mouse development, Lbx1 is required for the specification of several populations of dorsal spinal cord interneurons and neural tube closure [Kruger et al., 2002] and it is essential somatosensory fate determination in relay neurons in the hindbrain [Sieber et al., 2007] . During later mouse neurogenesis, Lbx1 expression outlines a basal GABAergic/glycinergic differentiation state for dorsal horn neurons [Muller et al., 2002] and the loss of this gene selectively eliminates these inhibitory neurons.
LBX1 plays an important role in the migration of hypaxial muscle precursor cells [Martin and Harland, 2006] . It regulates properties specific for the migratory lineage of muscle precursors. LBX1 controls the expression of genes necessary for the recognition of cues that guide migrating muscle precursors and maintain their migratory potential [Brohmann et al., 2000] . Watanabe et al. [2007 Watanabe et al. [ , 2011 identified Lbx1 in activated satellite cells of adult mice. They suggested that Lbx1 plays an important role in the regeneration of muscle fibers.
In addition to its importance in neuronal and muscle development, this homeobox gene is also expressed in a subset of cardioblasts of the cardiac neural crest during heart formation [Schafer et al., 2003; Schmitteckert et al., 2011] .
The specific functions of LBX1 in humans are unknown. There are no cases in the scientific literature of patients with isolated mutations, deletions, or duplications of this gene. Recently, a genome-wide association study was performed in a Japanese population and three SNPs (single nucleotide polymorphisms), near LBX1 on 10q24.31, were associated with adolescent idiopathic scoliosis [Takahashi et al., 2011; Gao et al., 2013] . Indeed, LBX1 has been identified as a candidate gene for familial idiopathic scoliosis [Marosy et al., 2010] . Here, we describe the first case of the isolated microduplication of this gene.
Clinical Report
A 12-year-old Spanish female patient joined our study because of her attention difficulties and poor fine and gross motor abilities. She was born after a multiple gestation. Birth was via elective cesarean without complications in the 38th week of gestation. Her weight at birth was 2,500 g. She was diagnosed with a congenital scoliosis due to a complex anterior central malformation of the cervical and dorsal vertebrae (see Figs. 1 and 2). She started crawling at 13 months and walking at 17 months. Her speech and language development was normal. She had poor coordination, which her family attributed to her non-progressive congenital scoliosis treated with a medical corset. Her coordination improved with age. She had had attention and inhibitory control problems since her first school years and exhibited very low academic performance.
Her parents emphasized her poor working memory and pointed out facial motor tics in the last few years.
A neurological examination revealed low axial muscular tone, with normal passive and active distal tone. Deep tendon and plantar reflexes were normal. A marked abnormal spinal curvature was observed in the Adam's forward bending test; no associated morphological alterations (pits, masses, etc.) or pigmentary changes were seen in her skin. She had severe hypotrophy of paravertebral muscles and deficient fine and gross motor abilities. A physical examination showed no dysmorphic features. Cardiovascular examination and ECG were normal.
Her parents and her dizygotic twin were healthy, without dysmorphic features, physical malformations, or learning problems. Her paternal aunt had been studied at other centers because of early onset progressive myopathy and a severe physical disability present since young adulthood; she used a wheelchair.
After consultation, a cerebral magnetic resonance image (MRI) was performed on the proposita with normal results. Array comparative genomic hybridization (aCGH) analysis defined a 130 kb duplication at 10q24.31 (chr10:102927883-103053612, NCBI37-National Center for Biotechnology Information), containing LBX1 (Fig. 3) . Identical aCGH analysis was carried out in a blood sample of her paternal aunt and the same result was obtained. After this discovery, a complete blood analysis with biochemical markers of muscular damage, electromyography, genetic studies for the rest of paternal family, and a spine MRI for her father were requested. Two years later, we have no information about the patient's progress; the solicited studies were not carried out.
Materials and Methods

Genetic Study
Array CGH was carried out using the whole-genome Agilent SurePrint G3 Human CGH Microarray 2×400K AMADID 021850, manufactured and provided by Agilent Technologies, Santa Clara, CA. Experiments were conducted according to the manufacturer's protocol with slight modifications. In brief, 500 ng of genomic DNA was labeled with Cy5 (patient) or Cy3 (control). After clean up, the labeled fragments were pooled and 5 µl Cot-1 DNA (1 mg/ml), blocking agent, and hybridization buffer were added. This mixture was hybridized on the microarrays for 24 hr at 65°C. After washing, the slides were scanned using an Agilent Microarray Scanner, quantified with Feature Extraction software 9.1, and analyzed with CGH Analytics software, both from Agilent Technologies. The following conventional settings were used: Aberration Algorithm: ADM-2; Threshold: 6.0; Window Size: 0.2 Mb; and Filter: five probes, mx log2ratio = 0.29. These parameters were adjusted when needed.
Discussion
This is the first patient with a microduplication of 10q24 affecting exclusively LBX1. The report of this family supports the critical role of this gene in muscular development and preservation [Watanabe et al., 2007] .
Beyond its role in the myoblast migration, this study demonstrates LBX1's function in the development of the paraxial mesoderm.
There are other reports with deletions or duplications in 10q24 [Gurrieri et al., 1996; de Mollerat et al., 2003; Roscioli et al., 2004; Dai et al., 2013] and international databases [Firth et al., 2009] . These cases have more extensive genomic aberrations, affecting several genes. Indeed, the split-hand/foot malformation 3 (SHFM3) is linked to this region [Gurrieri et al., 1996; de Mollerat et al., 2003; Roscioli et al., 2004; Dai et al., 2013] . This disorder may be a contiguous gene duplication syndrome characterized by a limb malformation involving the central rays of the distal limbs and characterized by syndactyly, median clefts of the hands and feet, and aplasia or hypoplasia of the phalanges, metacarpals, and metatarsals. Mutations of FBXW4 are suspected to be responsible for this syndrome [de Mollerat et al., 2003] . However, most patients with SHFM3 have partial or complete duplication of FBXW4, LBX1, and BTRC [Gurrieri et al., 1996] . These microduplications are transmitted from unaffected carriers or affected parents to offspring . Variable penetrance, underlying parental mosaicism, or the function of regulatory genes could explain the heterogeneity of these genetic alterations. Although LBX1 has been related to idiopathic scoliosis [Marosy et al., 2010; Takahashi et al., 2011; Gao et al., 2013] , there are no cases with SHFM3 with described scoliosis, vertebrae malformations, or myopathy. Furthermore, 15% of SHFM3 patients have intellectual disability, usually severe [Elliott and Evans, 2006] . Intellectual disability, delayed speech, and behavioral problems have been described in patients with 10q24 duplications [Firth et al., 2009] .
Deregulated LBX1 expression may interfere with segmentation of the paraxial mesoderm, patterning of the neural tube [Gross et al., 2002; Kruger et al., 2002] or with the satellite cell function, directly or indirectly causing myopathy and/or scoliosis [Dietrich et al., 1998; Mennerich and Braun, 2001; Martin and Harland, 2006; Wotton et al., 2008; Ochi and Westerfield, 2009; Watanabe et al., 2011] . Besides, mutations in the LBX1 coding region may be associated with a human-specific phenotype or act as a dominant negative with the potential to cause more severe phenotypes than those observed in animal models (K. Wotton and S.
Dietrich, unpublished observations).
It is hard to relate LBX1 to the attention difficulties of the patient. Attention deficit disorder is a problem with a very high prevalence [Willcutt, 2012] and polygenic etiology [Neale et al., 2010] ; the presence of the patient's executive dysfunction could therefore be coincidental. However, the role ofLBX1 in neuronal development, specifically of the hindbrain [Sieber et al., 2007] and the widely studied function of the cerebellum in attention processes [Martin Fernandez-Mayoralas et al., 2010; Bledsoe et al., 2011; Massat et al., 2012; Vaidya, 2012] , could explain this problem. In addition, other cases with duplications of 10q24 showed similar or more severe cognitive problems [Elliott and Evans, 2006; Firth et al., 2009] ; nevertheless, these patients had duplications involving several genes.
In conclusion, based on the present case, perhaps one should consider genetic studies, particularly ofLBX1, in patients with scoliosis and/or hypotrophy-hypoplasia of paravertebral muscles of unknown etiology. As our case reveals, identification of an LBX1 duplication could explain the clinical features. The detection of a genomic anomaly affecting LBX1 may be decisive for genetic counseling.
